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‘OSS"  Oceooo  graph  to  Research  Buoy 

OP.fi,  »  45-fooi  square  vessel  diaplac‘ag 
porr  * 180  tons,  was  developed  by  the  Marine 
-tyr.-tai  laboratory  to  eerve  projects  at  die  labo¬ 
ratory  ^hlch  t««Euur«  die  launch,  retrieval,  'mplan- 
or  handling  of  large  equipments  or  systems  in 
he  cv-crt  ocean.  Among  d  ese  are: 

i.  ''RUM"  {remo>  code  raster  manlpula- 
'Uj;  remotely  controlled,  bottom  crawling  vehicle. 

1.  "SentMc  Laboratory";  an  electronic 
c«fw'  -  and  data  txsnsnfssfam  center,  remotely 
cocxtedl  and  main  talced  on  the  sea  floor. 

3.  Acoustic  cxaq/jducora  and  hydrophone 

>:rr 

la  cor.tr?  «  to  PJL.fi'*  ORB  ia  designed  to 
•Mis*  the  motion  of  Sve  sea  surface  as  closely  it 
XJU  '-stit*,  in  order  to  simplify  die  task  of  placing  and 
retrieving  large  objects  in  tha  ocean.  If  be  vessel 
has  a  canter,  well  of  1*#-  by  20- foot  area  which  can 
be  cc-roed  to  permit  equipment  to  be  lowered  throtgh 
iz,  i.<o*4L?  up  to  12  tots  are  safely  handled  w»di  a 
system  that  includes  i  number  of  iratomatic  control 
'eawras,  'and  can  be  lowered  to  a  maximum  depth  of 
10,  OdO  feel.  .The  sup£mtUg  cible  also  serves  si¬ 
multaneously  ■»  transmit  as  much  as  30  kilowatts  of 
power  to  the  remote  equipment,  and  to  return  from 
it  a  vj>rlsir  of  data,  including  :*ievisloa  video  aig- 
nala. 

ORB  n  24  feet  high  from  keel  to  helicopter 

deck*  ft  has  no  iScsbs  cf  seif-propulsion  and  must 
be  towed  to  and  from  cpsr -.fling  arass.  The  vessel 
is  equipped  wish  diesel  generating  sets  to  provide 
90  klk>w»a»  of  electrical  power.  0?3*»  equipment 
also  include*  a  normal  atconat  of  navigation  aids, 
comrrvnicawos  and  safety  equipment.  It  carries 
fuel  and  water  for  a  stay  of  up  to  45  day#  while 
mooted  on  station,  Pereennci  rotation  at  sea  where 
necessary  may  be  acccmoTished  by  either  small 
boat  or  helicopter. 


"RUM"  Remote  Underwater  Manipulator 

RUM  is  a  remotely  controlled,  tracked  sea 
floor  work  vehicle  which  has  been  developed  under 
the  sponsorship  of  the  Office  of  Naval  Research  at 
the  Marine  Physical  Laboratory  for  use  as  a  re¬ 
search  too!  in  sea  floor  technology  experiments 

The  bull,  tracks  and  suspension  system  of 
the  RUM  vehicle  are  thoso  of  ac  "ONTOS,  "a  surplus 
Marine  Corps  tracked  rifle. 

All  power,  telemetry  for  control  end  instru¬ 
mentation,  sonar;  n#\  gat  ion  aids  and  television  are 
transmitted  over  the  single  coaxial  umbilical  cable 
connecting  the  RUM  t»  ORB. 

The  vehicle  ie  propelled  by  two  Independ¬ 
ently  -controlled  reversible  7-1/2  horsepower  direct 
current  motors,  one  driving  each  track.  Other 
equipment  includes  two  television  cameras,  eight 
500  watt  lights,  a  scanning  sonar,  depth  sounder, 
magnetic  compass,  an  acoustic  transponder  navi¬ 
gation  system  and  nameroue  other  kinds  of  instru¬ 
mentation  to  monitor  operational  conditions. 

All  of  the  electrical  and  electronic  com¬ 
ponents  with  the  exception  of  the  TV  cameras  and 
lights  are  Immersed  in  oil  and  operate  at  ambient 
pressures  of  up  to  5000  psi. 

The  manipulator  is  capable  of  working  off 
of  either  side  or  to  the  rear  of  the  vehicle  and  is 
capable  of  eaerttegSOpoundc  offeree  in  any  direction 
at  full  am,?  length.  In  addition  the  manipulator 
boom  is  eqaipped  with  a  book  capable  of  lifting  loads 
of  up  to  100b  pounds  and  moving  them  about  on  the 
ocean  floor.  The  manipulator  boom  swings  in  en 
arc  cf  about  300*  around  a  kingpost  located  at  the 
rear  center  of  the  *ehicte.  The  boom  is  raised  and 
lowered  by  a  motor-driven  wire  rope  topping  lift. 
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ABSTRACT 

Three  successive  operations  with  the  ORB  -  RUM  sea 
floor  work  system  in  water  dcptis  of  100  to  3300  feet 
are  described.  Operational  experience  gained,  tech¬ 
nical  problems  encountered  and  their  solutions  are 
areas  of  particular  interest. 


Introduction 

The  ORB  -  RUM  sea  floor  work  system  has 
been  taken  to  sea  four  times  for  the  express  purpose 
of  gaining  ooerational  experience  and  for  system 
test,  evaluation  and  debugging.  The  first  operation 
was  conducted  in  January  1970  and  has  been  described 
in  detail  in  a  previous  report.!/  The  other  three 
are  described  herein. 

By  August  7th  RUM  had  logged  3  total  of  1 15 
hours  of  operation  on  the  sea  fioor  out  of  approxi¬ 
mately  350  hours  on  station  at  sea.  Of  the  total 
operating  hour.?,  55-1/2  have  been  in  shallow  water 
of  40  to  150-foot  depth  where  51, 150  feet  of  traverse 
over  the  bottom  were  logged.  Most  of  the  shallow 
water  operations  were  on  firm  sandy  bottom  where 
RUM  could  serve  as  a  mobile  anchor  towing  ORB 
along  on  the  sea  surface  jbove.  In  addition  some 
limited  experience  mnncuv.ming  in  soft  silt  and  over 
cobbles  was  also  gained. 

Deeper  operations  at  1200  to  3400-foot  depths 
account  for  the  remain^  59-1/2  hours  on  the  bot¬ 
tom.  These  operations  were  in  the  very  soft  sedi¬ 


ments  on  the  floors  of  die  La  Jolla  Canyon  and  die 
San  Diego  Trough  over  which  a  total  of  4400  feet  of 
traverse  were  logged.  The  longest  single  continuous 
operation  was  on  the  floor  of  die  La  Jolla  Canyon 
lasting  29-1/2  hours  on  August  5th  and  6th. 

Of  the  115  hours  total  operation,  approxi¬ 
mately  37  were  devoted  specifically  to  exploratory 
maneuvers  designed  to  develop  4  improve  oper¬ 
ating  skills  and  techniques.  Twenty  five  hours  were 
spent  in  maneuvers  providing  a  free  field  calibra¬ 
tion  of  the  magnet:c  compass.  Twenty- four  hours  of 
search  and  recovery  exercises  were  carried  out. 
Twenty  hours  were  devoted  strictly  to  functional 
checkoutof  titc  system  and  about  ninehours  of  mani¬ 
pulation  have  been  logged. 

Shallow  Water  Operations  -  March  I- -20 

The  chart  (Figure  1)  shows  the  three  areas 
irs  which  operations  were  conducted.  The  first  area, 
for  the  March  14th.  iSth  and  March  19th  and  20th 
operations  located  at  1 17c  12‘W,  32*32. 5’N,  was 
chosen  for  its  relatively  flat,  medium  candy  bottom, 
and  for  its  near  shore  location  with  good  landmarks 
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Tig.  !.  Operating  areas. 


for  visual  verification  of  base  lines  selected  for  the 
placement  of  acoustic  navigational  transpoiders. 
The  primary  objective  of  this  operation  was  to  ob¬ 
tain  a  free  field  calibration  of  the  RUM  magnetic 
compass.  The  flat  firm  bottom  made  it  possible  to 
hold  the  RUM  vehicle  on  a  steady  compass  heading 
over  large  enough  distances  to  obtain  a  reasonably 
accurate  compass  calibration  by  comparison  with 
the  track,  of  the  vehicieposition  as  obtained  from  the 
well-established  transponder  field.  RUM  was  driven 
on  magnetic  compass  headings  of  000'.  022.5%  045  , 
067. 5C  and  so  on  at  22.5*  course  changes  to.137.5% 


tained  in  drawing  j  line  through  the  plotted  start  awl 
finish  positions.  The  compass  calibration  obtained 
by  drawing  a  smooth  curve  through  tiiese  22.5°  data 
points  is  shown  in  Figure  2.  Distance  traveled  as 
indicated  by  track  turns  counts  on  the  vehicle.  agreed 
vary  'veil  with  distance  between  plotted  positions. 
All  errors  were  less  titan  5‘7. 

tearing  this  entire  exercise  of  over  22  hours. 
RUM  '■••as  operated  with  a  track  pressure  os  1.5  to 
1.25  nst  (cable  tension  of  .5  to  6  thousand  pounds), 
t  >tal  distance  of  over  3-1  '2  miles  was  d.ivvn  v;itn 
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Fig;  2.  Compass  ca'.bration 

i  ecovcry.  During  the  rcco.cty  operation.  HUM  was 
driven  right  t:p  to  each  transponder  so  that  *he  sur¬ 
face  float  could  be  picked  up  from  the  deck  of  ORB 
with  a  iioat  hook.  The  water  depth  ranged  from  5 10 
to  120  feet. 

Deep  Water  Operations  -  March  2  i 

'Die  first  deep  test  of  RUM  was  carried  our 
om  he  following  day.  March  21st.  in  3300  feet  of 
water  at  117  26.  l.VW.  32"33‘N.  ORB  was  held  in 
position  by  a  single  tint  deep  moor  during  this 
operation. 

TV*  viewing  in  the  mid-water  depths  on  the 
way  to  the  bottom  w»  outstanding  with  objects 
clearly  visible  at  15  feet  With  little  visible  back 
scatter.  The  visibility  or.  the  bottom,  although  not 
as  good  -sS  in  the  mid-water  depths,  was  superior  to 
any  experienced  in  t.V  previous  shallow  water  le&ts. 
A  couple  of  starfish  walking  av.-jv  from  the  vehicle 
and  some  set  urchins  were  identifiable  at  an  esri- 
mated  distance;  of  S  to  iO  feet. 

Limited  time  on  the  i>ottom  did  not  allow  for 
determination  of  optimum  track  pressure,  however 
the  experience  dhi  indicate  that  the  vehicle  would 
probably  have  to  be  operated  at  something  less  than 
I  psi  track  pressure  in  order  to  maneuver  ever  the 
son  sediment  encountered.  In  .vfciltion  to  the  gen¬ 
eral  clouding  of  the  water,  caused  by  the  moving 
vehicle  churning  up  the  bottom,  a  well-defined.  Itw 
dense  turbidirv  cloud  was  observed  to  roll  out  from 
under  the  vehicle  and  across  the  sea  floor  at  a  velo¬ 
city  of  a  few  incites  per  second.  The  height  of  this 
cloud  appeared  never  to  c.tcecd  a  few  inches,  prob¬ 
ably  lass  than  one  foot.  This  lew  heavy  cloud 


seemed  ta  be  t'twffetTed  b  •  urrenl.  always  i oiling 
nut  in  the  di  rection  of  ufclr  minion  while  tile  gen¬ 
eral  overall  clouding  was  swept  away  in  the  tknsrjs- 
cu rrent  direction. 

Another  rtiewsuenon  discrvol.  was  llut  as 
tlie  vehicle  was  driven  arid  sivltment  accumulate!?  in 
the  tracks,  tie.*  Vehicle  weigiit  increased  forming  a 
regenerative  s  fS>  cm  wherein  tin*  increased  weight 
i auscti  sleeper  pviu.trati.ir,  which  in  Usrn  canset; 
greeter  sediment  accumulation.  At  umc  p*‘;.n»  the 
vehicle  weigin  was  isoteo  t«>  itavs  increased  iflOO  lbs 
between  set  down  are*  lift  ot>.  Altiteugi:  a  depth  re¬ 
lated  problem  '-.til  pnv r  collectors  in  RUM 

forced  an  esirly  termination  «>i  theae  tests,  a  good 
dealef  v  ilaaln.;  experieticc  was  gained  during  the  one 
iaiur  of  operation  itt  the  unfamiliar  deep  sediments. 

Tower  Contactor  Fail-ires 

Upon  return  r.  port,  a  careful  inspection  re¬ 
vealed  thai  all  power  control  contactor  failures, 
which  had  occurred  during  tills  last  deep  test  of  the 
vehicle,  were  associated  with  a  part  km  la-  ttpc  of 
contactor.  These  were  found  to  have  badly  burned 
contacts  and  extensive  carixmdcposit  build-up  in  the 
contact  area,  even  to  the  point  of  actually  bridging 
across  the  contacts  in  some  cases.  All  contactors 
of  this  type  used  for  power  control  were  replaced  by 
another  type  liaving  larger  contacts  and  wider  r«i- 
tact  spacing.  The  type  used  for  replacement  va*. 
selected  strictly  on  the  baste,  that  several  had  al¬ 
ready  seen  limited  service  in  the  vehicle  witfjout 
failure  up  to  this  date. 

La  lolla  Canycn  Operations  -  Apr»l  6-3 

Any  oitser  known  system  deficiencies  were 
corrcctim  ..lid  ORB  returned  to  sea  on  April  6tb  for 
operations  at  12iS'.  to  . ..-Oti-foot  depth  on  tlie  floor  of 
the  La  lolki  Cinw.  The  hvation  for  this  operation 
near  117  IS..VW,  32  ‘  33. 5  \  is  also  noteti  on  the 
chart  ( Figure  >  i.  Precision  positionittg  of  ORB  over 
the  narrow  La  JttlVt  Canyon  was  accomplished  by 
using  rad.tr  ranges  to  the  head  of  the  Scripts  pier. 
2-1,2  to  3  miles  .tv av.  and  transit  bearings  to  ORB 
taken  by  a  transit  team  on  the  head  of  the  pier.  Con¬ 
tinuous  radio  communication.  between  ORB  ...*1  the 
transit  team  were  maintained. 

ORfl  was  toweti  sitwcly  :nto  position.  guided 
by  tlw  tracking  team,  for  the  placement  of  each  of  2 
ancliors  set  on  a  northwest -southeast  baseline.  at 
approximately  one  mile  separation.  'The  RUM  oper¬ 
ating  area  was  nearly  midway  between  the  two  an- 
rScrs.  Figure  3  shows  the  approximate  anchor  im¬ 
plant  locations  and  the  canvon  topography  if,  the  itn- 
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Fig,  3.  L.»  Jolla  Canyon  operatic:  area. 


mediate  area.  The  anchors  and  lines  were  handled 
from  the  deck  of  ORB. 

Over  13  hours  of  operation  on  the  floor  of  the 
t-  twa  were  lagged  between  0130  and  1800.  April 
7th, 

RUM  was  dt;vea  on  a  scries  of  courses  and 
speeds  at  track  pressures  from  0.25  to  1.5  psi.  It 
was  determined  iha»  ar  track  pressures  in  excess  ef 
0.5  jtsl.  RUM  soon  bogged  down  in  die  suit  sedi¬ 
ments.  The  r '■generative  condition  wherein  RUM 
gained  weight  from  accumulated  silt  in  die  tracks 
was  -gain  experienced.  At  a  track  pressure  of  ;1.25 
psi  difficulty-  with  stccrirv  was  exper ien-.i-d.  A 
Uncle  pressure  of  0. 1  to  0. 5  psi  was  s.seii  for  die 
rcrwlader  of  the  operation. 

It  was  also  ssote-d  that  when  RUM  was  driven 
distance  offK>  to  120  feet  away  from  a  point  direct¬ 
ly  under  ORB.  forward  motion  would  be  lost  indi* 
eating  that  traction  slippage  Iwd  occurred.  This 
condition  occurs  ?t  an  estimated  5  to  7  degree  wire 


angle.  Using  this  wire  apple  and  the  wire  tension 
of  approximately  10,  000  fits,  one  cap  compete  a 
horizontal  force  component  thereby  providing  a 
rough  estimate  of  maximum  draw  lor  pill  capability 
of  the  vehicle.  The  estimate  obtained  under  these 
conditions  was  11*50  lbs. 

Tlie  manipulator  was  deployed,  checked  out 
and  the  grip  swung  in  an  arc  scribing  a  line  across 
the  track  depression  m  an  effort  to  estimate  its 
depth.  Ex.invates.  by  various  people  present  ami 
viewing  the  act  on  TV.  varied  from  3  to  6  inches. 
Tile  failure  of  a  power  contactor  controlling  the 
raise -lower  function  of  the  ma.vipulatoi  derrick  pre¬ 
vented  the  carrying  cut  o*  any  serious  nvjn-pulstion 
tasks. 

Visibility  was  oulte  good  and  ;t  lumber  of 
Polaroid  pictures  were  taken  of  the  TV  display. 
Problems  with  she  v*3co  recorder  prevented  record¬ 
ing  of  the*  T\’  scene  other  than  the  pilaroid  snap- 
shuts.  Figure*  *  ami  5  are  representative  of  the 
pictures  taken.  *n  FljSire4  ,>  large  fish  is  sects  near 
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the  bottom  just  forward  and  to  the  left  of  the  vehicle. 
The  loading  edge  of  the  left  vehicle  track  can  just  be 
seen  in  silhouette  toward  the  upper  right  corner  of 
the  pictur  •.  Figure  5  shows  a  view  of  a  pair  of  sea 
urchins  alongside  the  vehicle. 

A  pair  of  acoustic  transponders  for  naviga¬ 
tion  were  dropped  from  the  surface  at  locations  near 
the  two  canyon  walls  approximately  2200  feet  apart. 
RUM  was  positioned  near  a  point  tridway  between 
the  transponders  and  off  to  one  side  of  the  tran¬ 
sponder  baseline.  A  navigation  exercise  was  begun 
but  the  failure  of  a  propulsion  power  comtoI  con¬ 
tactor  forced  an  eariy  termination  of  the  operation. 
Upon  the  return  of  RUM  on  board  ORB,  a  visual  in¬ 
spection  revealed  more  carbon  build-up,  clinkers 
and  burned  contacts  in  several  power  control  con¬ 
tactors.  Since  this  was  an  indication  that  this  kind 
of  problem  was  not  related  strictly  to  one  type  of 
contactor,  as  had  previously  been  assumed,  but  was 
present  to  a  greater  or  lesser  degree  in  all  of  the 
contactors  used,  a  decision  was  made  to  terminate 
the  operation  and  return  RUM  to  the  laboratory  for 
a  more  serious  study  of  the  power  control  problem. 

ORB  was  returned  to  its  berth  at  "B"  Street 
Pier  by  0740  on  April  8th. 

Modification  of  Power  Control  Circuits 

A  considerable  amount  of  experimental  work 
with  contactors  in  fluid,  under  pressure,  has  been 
done  at  the  Naval  Ship  Research  and  Development 
Center  at  Annapolis.  This  work  is  reported  in  de¬ 
tail  by  Walter  E.  Poccck.— — Effects  of  fluid  vis¬ 
cosity,  pressure,  contact  spacing,  contact  area, 
rate  of  contact  opening  break  and  the  like  are  all 
treated  and  their  relative  contributions  to  sustained 
contact  arc -over  under  pressure  are  discussed. 
The  reporting  of  this  work  byNRDQuvas  very  timely 
and  of  considerable  value  to  us.  Our  suspicions  as 
to  the  cause  of  our  trouble  were  confirmed  and  we 
were  saved  many  costly  hour.,  of  laboratory  tests 
and  analysis  of  test  results.  Simply  stated,  at  high 
hydrostatic  pressures  the  gas  bubble  which  forms, 
between  coatacts  with  the  arc  accompanying  contact 
break,  does  not  blow  out  as  at  ambient  pressure,  but 
remains  between  contacts,  a  region  of  ionized  gas 
to  sustain  arc-over.  The  sustained  arc-over  con¬ 
verts  flic  surrounding  oil  to  carbon,  creating  addi¬ 
tional  conductive  paths  between  these  and  other 
nearby  contacts  or  terminals. 

The  extent  ard  character  of  me  damage  suf¬ 
fered  is  well  illustrated  by  the  extreme  case  show.' 
in  Figures  6and  7.  Figure  6  shows  a  motor  revers¬ 
ing  contactor  just  as  it  was  removed  from  flic 
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Fig.  6.  Carbon  formation  extruding  fiom  top 
of  ac  power  control  contactor. 


vehicle.  Extensive  carbon  formation  can  be  seen 
extruding  out  around  the  terminals  at  the  top  of  the 
contact  enclosure.  Figure  7  shows  the  interior  of 
the  disassembled  contactor  with  some  of  flic  con¬ 
tacts  burned  completely  away. 

Upon  return  to  the  laboratory  two  experi¬ 
mental  approaches  directed  toward  a  solution  of  the 
contactor  problem  in  the  RUM  vehicle  were  pursued. 

Dynamic  Squelch  Test 


The  first,  using  solid  state  devices  to  pro¬ 
vide  a  dynamic  squelch  across  breaking  contacts  is 
shown  in  principle  in  the  simplified  schematics  of 
Figure  8.  The  basic  principle  of  operation  is  the 
same  for  flic  dc  or  ac  controller.  Wien  switch  S 
opens,  the  rapid  voltage  rise  across  it,  (dv/dt).  is 
coupled  into  the  base  of  transistor  T  through  capac¬ 
itor  C  in  the  case  of  flic  dc  circuit,  or  into  the  gate 
of  SCRj  or  SCR2  in  the  case  of  thcae  circuit.  The 
transistor  or  SCR  is  driven  "on"  (into  a  conducting 
state)  thereby  momentarily  maintaining  near  zero 
voltage  across  the  opening  contacts  preventing  the 
occurrence  of  an  arc.  )n  actual  practice  current 
limiting  to  base  or  gate  should  be  provided.  An  rf 
filter  to  prevent  line  transients  from  firing  the  SCR 
circuit  is  also  advisable.  Both  circuits  were  built 
and  tested  across  contacts  of  standard  contactors 
operating  at  hill  rated  voltage  and  current  in  M1L- 
L-6081C  turbine  oil  at  0  to  5000  psi,  Uns  ,uclchcd 
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Fig.  7.  Extensive  carbon  formation  and  severely  burned  contacts  inside  contactor. 


contacts,  in  both  ac  and  dc  contactors,  invariably 
tailed  in  less  than  10  cycles  at  any  pressure  above 
500  psi  while  the  squelched  contacts  operated  per* 
fectly  at  all  pressures  and  showed  only  a  very  faint 
discoloration  on  the  contact  surfaces  after  several 
thousand  cycles  at  maximum  pressure  of  5000  psi. 
Inductive  as  welt  as  resistive  loads  were  used  in  die 
teats. 

In  the  photo  of  Figure  9,  a  test  relay  is 
shown.  Both  sets  of  contacts  were  wired  to  identical 
4  A  inductive  loads.  The  power  supply  was  120  V 
60  Ha.  The  test  was  conducted  at  2000  psi.  The  un¬ 
squelched  set  of  contacts  on  die  right  failed  during 
the  first  5  make-break  cycles,  so  power  was  re¬ 
moved  from  this  pair  only.  TheotherfSCP.  squelched) 
pair  of  contacts  on  the  left  are  in  perfect  condition 
after  more  than2000  make-break  cycles  under  load. 

Because  of  short  on-times  and  extremely 
small  duty  cycles,  transistors  or  SCR's  may  be 
be  used  at  nearly  absolute  maximum  surge  current 
ratings,  without  heat  sinks. 

This  type  of  squelch  was  found  to  work  very 
well  on  contacts  of  the  simple  single  pole  single 
threw  configuration;  however,  its  adaptation  to  bi  - 
polar  switches  and  ac  motor  reversing  controller 
circuits  becomes  complex  and  troublesome.  When 
pairs  of  contacts  are  connected  in  scries  across  die 
power  source,  as  is  the  case  in  reversing  control¬ 
lers,  the  dv/dt  generated  by  thebreaking  set  of  con¬ 
tacts  tends  to  turn  on  the  SCR  or  transistor  across 
the  open  contacts  as  well  os  the  «ne  across  the 
breaking  contacts,  thereby  momentarily  shorting 
out  the  power  source.  It  is  believed  that  this  could 
be  overcome  through  the  use  of  auxiliary  steering 
contacts,  on  die  contactors,  which  disconnect  die 


squelch  circuit  from  a  pair  of  contacts  when  the  op¬ 
posite  contacts  are  closed.  This  technique  has  not 
yet  been  tried  however. 

Solid  State  Control 

The  other  approach,  which  was  tried  in  the 
laboratory  and  later  implemented  throughout  the 
RUM  vehicle,  was  to  eliminate  all  contacts  which 
make  or  break  under  load  and  replace  them  alto¬ 
gether  with  solid  state  devices. 

This  implementation  of  solid  state  power 
controllers  was  the  second  attempt  at  substitution 
of  solid  state  devices  in  place  of  contactors  for 
power  control  on  die  RUM  vehicle.  In  1968  when 
work  was  first  resumed  on  RUM,  after  an  8-year 
interruption,  the  design  included  SCR  controllers 
for  the  majority  of  ac  power  switching.  Severe 
problems  with  rf  interference  tothc  cable  telemetry 
system,  caused  by  the  new  SCR  controllers,  forced 
a  return  to  buffering  with  relays  and  contactors  for 
power  control  until  suitable  solid  state  switching 
circuits  with  acceptable  interference  levels  could  be 
developed.  The  currently  used  SCR  controllers  are 
isolated  from  the  low  signal  level  telemetry  cir¬ 
cuitry  by  reed  switches.  This  isolation  in  company 
with  zero  axis  crossing  switch-design  has  reduced 
interference  to  a  very  acceptable  level. 

Power  transistors  arc  used  in  all  jc  power 
controllers  and  SCR's  in  all  ac  power  control  cir¬ 
cuits. 

The  schematic  of  Figure  10  shows  the  type  of 
transistor  circuit  used  to  provide  tally  reversible 
on-off  control  of  a  dc  motor.  The  circuit  is  de¬ 
signed  to  limit  the  maximum  current  to  the  motor. 
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Fig.  8.  Test  circuits  for  squelch  of  cont?r" 
arcing  in  power  control  contactors. 


In  Figure  11  the  basic  SCR  power  switch  used 
to  control  ac  power  is  shown.  One  phase-shift  net¬ 
work  is  used  to  generate  E  coso  for  control  of  all 
SCR  power  switches  in  the  vehicle.  Reed  relays  are 
used  to  switch  the  ltw  voltage  low  power  E  cos  9  on 
and  off  for  control  of  the  SCR  lower  switches:  how¬ 
ever,  a  bi -polar  solid  state  switch  could  be  used 
just  as  well.  Figure  12  shews  the  configuration 
which  uses  3  of  these  SCR  power  switches  for  full 
start-run  and  reverse  control  of  an  ac  split  phase 
induction  motor. 

These  solid  state  power  controllers,  like  all 
other  electronic  circuits  in  the  RUM  vehicle,  are  oil 
flooded  and  pressure  compensated  to  work  at  full 
ambient  pressure  to  5000  psi. 


Fig.  10.  Transistorized  dc  motor 
controller  circuitry. 

La  jolla  Canycr.  Operations  -  July  29 -August  7 

After  outfitting  RUM  with  the  aw  solid  state 
controllers.  RUM  was  once  again  loaded  on  board 
ORB.  Following  2  week  of  dockside  checkout  and 
preparation  for  sea.  ORB  was  taken  under  tow  at 
i  100  on  July  29th  to  make  the  transit  to  the  previous 
operating  area  over  the  La  Jolla  Canyon  near  117* 
17.9'W,  *32*53. 58  *N. 

Upon  arrival  in  the  operating  area,  3  an¬ 
chors  were  placed  or  the  bottom  apnroximately  jnc 
mile  opart:  one  to  the  northwest,  o.  a  to  die  north  - 
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east  and  one  nearly  due  sooth  of  the  location  chosen 
for  the  first  lowering  of  RUM. 

By  1430  on  July  30th  RUM  was  checked  out  as 
tally  operational  and  pronounced  ready  for  launch. 
The  vehicle  was  launched  and  lowered  to  the  sea 
floor  at  a  depth  of  1215  feet.  During  the  lowering  a 
very  serious  casualty  occurred,  the  effects  of  whiclt 
wre  to  plague  us  for  days  to  come.  A  32 -pin  ma  - 
vine  connector  on  die  starboard  TV  camera  flooded. 
This  connector  carried  many  low  level  signal  and 
control  2eads  as  well  as  120  V  ac  60  Hz  to  power  the 
focus  motor.  The  ac  power  propagated  across  the 
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Fig.  11.  Basic  SCR  power  switch  circuit. 


3  WIRE  1  <t> 
120-240V  • 
A.C.  60Hr 
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face  of  tlie  connector  and  hack  through  ieads  into 
several  of  the  other  subsystems,  causing  extensive- 
damage  in  several  areas  of  the  vehicle.  Many  hours 
were  consumed  In  repeated  system  check-outs  and 
the  tracing  down,  isolation  and  correction  of  the 
many  isolated  damages  which  itad  occurred. 

By  mid-afternoon  on  August  3rd,  after  two 
additional  launches  and  lowerings  to  the  canyon  floor 
for  tests,  RUM  was  pronounced  operational  and 
ready  for  launch  once  again.  Photographs  were 
taken  of  thedivers  working  during  the  vehicle  launch. 

In  the  launch  procedure  RUM  is  picked  up  a 
few  inches  from  its  resting  place  on  ORB‘s  well 
doors.  Four  steel  cables  snub  RUM  to  prevent  pen¬ 
dulum  action.  The  doors  arc  opened  and  RUM  low¬ 
ered  to  just  below  die  lower  edge  of  the  open  well 
doors.  The  snubbing  cables  are  coupled  to  hy¬ 
draulic  rams  which  maintain  constant  tensionduring 
lowering.  When  lowering  of  RUM  is  stopped,  with 
die  vehicle  just  bt-lnw  the  edge  of  die  open  well 
doors,  divers  enter  the  water.  The  snubbing  cables 
are  slacked  off  and  the  divers  disconnect  them 
(Figure  13).  As  seor,  ac  all  four  snubbers  are  tiis- 
r*«ifiected,  RUM  is  lowered  10  to  '9  feet  completely 
clear  of  the  well  doors,  for  greater  diver  safety  at 
which  point  the  divers  perform  additional  chores  in 
preparation  for  lowering  of  the  vehicle  to  the  bot¬ 
tom.  In  Figure  14  a  diver  unlocks  the  port  TV  cam¬ 
era  bocm.  This  Irek  prevents  damage  to  die  bcom 
or  camera  assembly,  from  surge  or  wave  action. 


Fig.  12.  Full  start -stop-reverse  ac  induction  motor  controller  using  SCR  power  switches. 
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when  passing  through  the  surface  zone  into  or  out  of 
the  well.  These  procedures  are  reversed  during 
recovery.  Figure  15  shows  a  diver  wiping  the  oil 
film  from  a  TV  camera  lens. 


S*H: 


•$„ 


Fig,  1.1.  A  diver  disconnects  smhbiiig  cables. 


Opera t.ons  involving  maneuvering  at  various 
track  pressures  and  a  manipulation  exercise  wherein 
a  sonar  reflector  was  placet!  on  the  sea  floor  for 
later  recovery  were  carried  out.  A  problem  with 
the  pressure  compensation  system  on  the  manipula¬ 
tor  forced  twe  additional  recoveries  of  the  vehicle 
for  service,  limiting  total  operation  time  on  the  bot¬ 
tom  to  7-1/2  hours  up  until  1700  on  August  4th. 

By  1 100  on  August  5th  RUM  was  a^ain  set  on 
the  canyon  floor  at  1220-foot  depth,  this  time  to 
carry  out  the  longest  and  most  successful  operation 
to  date.  Twenty-nine  and  one-half  hours  of  con¬ 
tinuous  operation  were  logged,  during  which  a  tomi 
distance  of  over  3400  feet  was  driven.  A  maximum 
down  slope  of  12°  and  an  up  slope  of  20c  were  nego¬ 
tiated.  Previous  tracks  left  by  die  vehicle  were  lo¬ 
cated  on  sonar,  approached,  inspected,  and  crossed. 

Trial  maneuvers  at  various  track  pressures 
from  0. 1  to  1,0  psl  verified  previous  finding?  that 
optimum  track  pressure  for  this  area  ranged  be¬ 
tween  0.4  and  0.6  psi.  Several  estimates  of  d-aw 
bar  pull  capability  of  die  vehicle  based  on  wire  angle 
and  wire*cns;or-(hcrizoritaj  force  cc-mpe-nesti ranged 
from  800  to  1200  psi.  Silt  accumulation  completely 
clogged  the  rleats  on  the  vehicle  tracks  from  time 
to  time  (see  Figures  16  3nd  17}.  «Vh*r.  difficulty  in 
maneuvering  was  experienced  which  did  not  appear 
related  to  terra ij,.  wire  angle  or  track  pressure, 
the  vehicle  was  picked  up  :>  few  icet  off  the  bottom 
and  die  tracks  run  at  fall  speed  forward  and  re- 
verne  te  wash  the  accumulated  silt  from  the  tracks. 
Plans  call  for  the  installation  of  a  track  wash  pump 
uni  nuzzle  system  on  the  vehicle  for  the  determina¬ 
tion  of  the  feasibility  of  cleaning  the  tracks  as  the 
vehicle  is  driven  over  the  bottom. 


Fig.  14.  Diver  unlocks  TV  camera  boom. 
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Fig.  15.  Diver  cleans  TV  camera  lens 
following  bunch. 
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Fig.  16.  Silt  accumulation  in  vehicle  tracks. 

An  acoustic  transponder  planted  during  the 
previous  operations  in  April,  on  the  flocr  of  the 
canyon  near  the  north  wall  at  1330 -foot  depth,  an¬ 
swered -uj.  at  a  range  of  2320  feet  when  first  inter¬ 
rogated.  It  was  localized,  closed  to  within  sonar 


Anderson  and  Gibson 


SIC  Reference  71-29 


Fig.  17.  Silt  accumulation  in  vehicle  tracks. 

rat^e  and  recovered  by  the  manipulator  in  a  series 
of  maneuvers  without  benefit  of  other  transponder* 
for  directional  jcr.sc. 

The  approximate  track  traversed  hythcRUM 
vehicle  in  closing  therrairipordcr  ;<s  shown  r<  Figure 

18. 

Operations  with  K  1 1  w  -re  tern  wteiS  at 
1610  on  August  nth  follrui  p  •*.  very  r.:  ic  tran¬ 
sponder. 


ORB  returned  t«  ”5'  S 


Pier  ;  **SW*  on 


August  7th. 

Conclusion 

Although  constant  upjra  lit  i.  dc-ixjgging  and 
Improvement  of  theORI.  -  RV  vi  Sc  Floor  Work  Sys¬ 
tem  continacs.  this  series  of  <1*  radons  completes 
the  major  test  evaluate  and  d~  ixij*  phase  of  the  RUM 
II  program.  A  grval  deal  of  ope*  atioo.il  experience 
has  been  gained.  Useful  v*»rk  tasks  have  been 


Fig.  IS.  RUM  vehicle  traverse  over  floor  of 
La  Jolla  Canyon. 

performed.  Capability  for  maneuvering  in  the  soft, 
low -strength,  clayey-siit  has  been  proven.  Mur.it 
ha."  been  learned  about  die  visibility  prcblem.  tur¬ 
bidity  clouds  and  how  to  cope  with  them.  Fluid  im¬ 
mersed  sol*d  state  circuitry  operating  st  ambient 
pressure  is  an  operational  reality. 

The  rod  phase  in  the  RUM  program  is  the 
design  and  development  of  a  suite  of  ;nstruments, 
for  use  on  the  RUM  vehicle  and  to  be  handled  by  the 
manipulator,  for  conducting  in  situ  soil  mechanics 
measurement;-  and  rrafticnbility  studies  on  the  sea 
floor  in  water  depths  to  6000  feet. 
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vt  sddjtum  to  laboratory  work  spaces  end 
r  ^’c'r  -ii;  ry  space,  CRB  in  equipped  with  complete 
i'sc:-.il? -.cs  t'?-rJ2  p-soplc  including  4  cvew  sacra - 

'Stic  "ORB"  concept  originated  with  Dr. 
Vic-tor  it.  Anderson,  Associate  Director  erf  the 
\*.n  i-Pic  ITsystcal  Laboratory.  Prelimfnr  ry  design 
w.  i  !  .mierf  oat  by  Dx.  Andcrae’-s  Associate  Engl  ■ 
\  t\  N.  Stewer  sad  Marine  'GoordUwior  B.  D. 
Hj'oivom.  Tfw  firm  of  L.  R.  Glosten  and  Associates 
•.-I  Po  tuSe  provided  the  Naval  Architect  services  for 
f  »  .-4  ocsiga.  Construction  was  accomplished  by 
Cc'itomia.  Steel  Fchrkafli^tMtd  W-sldlng  Engineer - 
wy  Corporation  of  Snn  Diego  under  the  sponsorship 
<d  the  Office  cf  Naval  Research.  The  design  of  the 
buoy  ORB  emphasized  simplicity  and  economy  of 
construction  and  operation,  functional  utility,  and 
mini-anm  maintenance.  Design,  constractinu  and 
outfitting  «j V'  carried  out  at  a  total  cost  of 

5273,  nc  0.00. 


The  porwido  TV  camera  is  boom-  mounted 
with  the  nlvot  point  near  midway  on  the  port  side. 
The  catot  7a  stows  lorwaro  for  driving  but  may  be 
swung  in  a  vide  arc  away  from  the  sided  the  vehicle 
sod  around  to  the  rear  fot  close-in  viewing  of  die 
manipulation  areas.  The  starboard  camera  is 
mounted  on  &  dolly  which  may  be  positioned  any¬ 
where  from  forward  for  driving  to  the  rear  for 
manipulation  viewing. 

Two  telemetry  system?  are  used  for  control 
and  instrumentation,  one,  a  time  multiplex  system 
providing  64  channels  each  way,  up  and  down  the 
cable,  the  other  an  amplitude  modulated  carrier 
sys.eru  with  four  carriers  transmitted  down  the 
cable  ar.d  eight  carriers  returned. 

During  operations  the  vehicle  is  launched 
through  die  well  on  ORB,  lowered  to  the  sea  floor 
and  the  cable  tensioning  system  set  for  a  reaoonable 
tension  from  £000  tr  10,  j00  pounds  depending  on 
bottom  conditions  and  depth  of  water.  Once  RUM  la 
on  die  bottom  it  serves  as  a  more  than  adequate 
anchor  for  ORB.  As  RUM  drives  across  the  sea 
floor  it  tows  ORB  across  die  surface  above  it  at 
speed*:  up  to  I  knot.  The  e&ble  constant  tensioning 
system  on  ORB  automatically  pays  in  or  pays  out 
cable  as  needed. 
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